To obtain basic knowledge about selecting horses for therapeutic riding, the influence of equine conformation on rider oscillation and relationships between these factors and the evaluation on horses as the therapeutic riding were studied. 
Recently, interest in therapeutic horseback riding, such as riding for the disabled and hippotherapy, has increased. According to Bertoti, the 3-dimensional (3-D) movements that transmitted by the horse to the rider have been considered the source of the physical effects of therapeutic riding [3] . Because these 3-D movements come from the equine gait, they change periodically, and are therefore transmitted as oscillations. Accordingly, scientific analysis of the rider's oscillation is important to obtain basic knowledge of horses for therapeutic riding. Matsuura et al. showed that the oscillation of the rider on Hokkaido native horses whose withers heights were 129 ± 2.3 cm characterized as higher frequency and smaller amplitude than that of Thoroughbred horses whose withers heights were 159 ± 6.1 cm [8] . Cano et al. compared the kinematic trot characteristics of three different breeds of horses (Andalusian, Arabian, and Anglo-Arabian) and showed that the most outstanding feature was the greater forelimb flexion recorded in Andalusian than in the other breeds, which was consistent with the elevated movements in this breed [4] . Barrey et al. showed that German horses (Hanoverian, Oldenburger, and Westphalian), whose withers height, back length, fore-and hind-limb length were longer, and angle of each joint was larger, than those of Andalusian, had gait characteristics more adapted for dressage competition, while Andalusian could be suited for collected gaits used for farm work and old academic dressage [2] . Johnston et al. pointed out that the differences in equine oscillation among breeds would originate from differences in equine conformation [7] . Little of this research, however, has studied the relationship between equine oscillation and conformation.
There are a few reports about the relationship between equine ability for dressage and conformation. Holmström et al. showed that elite dressage horses and showjumpers had larger hock angles and more sloping scapulas than other Swedish Warmblood horses [5] . Holmström and Philipson showed that horses with high scores for jumping had a narrow front cannon at the mid point, a short hind phalanx, and large angles of the stifle and hock joints [6] .
According to the official manual of the Riding for the Disabled Association (RDA), a good, calm, kind temperament is the first essential for horses for disabled people [10] . A survey of horse temperament for therapeutic riding has been published by Anderson et al. [1] . If a horse's temperament is suitable, the conformation-wide or narrow, short or long stride, much or little back movement-becomes an important selection criterion [10] . RDA instructors have overall charge of the horses and the teaching of the whole group in a lesson, and are therefore responsible for allocating suitable horses to the riders. From their own experience, the instructor selects a horse by considering the rider and the objectives of the lesson. However, no scientific grounds are available to help instructors select horses.
The influence of equine conformation on the rider's oscillation needs to be understood to aid selection of horses for therapeutic riding. The relationships between equine conformation and the oscillation that the horse transmits to the rider need to be investigated to be able to evaluate a horse for this purpose. Especially, in order to select the horse in the actual situation on the ground of therapeutic riding, equine conformation should be easy to measure. Therefore, the withers height and the trunk width were used to estimate equine conformation. The aim of this study was to determine the influence of equine conformation on rider oscillation and to use the relationships between these factors to evaluate horses for therapeutic riding according to RDA standards.
Materials and Methods
The Appaloosa descents, 1 Arab descent, and 1 Japanese draft horse). Seven were specifically for disabled persons, 4 were for Western riding, 2 were for dressage, 10 were for trekking, and the others were for general riding. The rider was an instructor accredited by RDA.
Measurement of equine conformation
Equine conformation was measured according to the modified method of Holmström et al. [5] . The horses were stood without the rider in a standard position. Fourteen markers 1.5 cm in diameter were put on the reference points of the horse (Fig. 1) . The horses were photographed with a digital camera (RICOH, RR30) from the left side of the horse at 20 m distance and at 1.5 m above the ground. The lengths between markers (Digital Curve Tracer 1.0, Kotaro) and joint angles (Nanamemonosashi 1.11, Daigo) were measured on a PC. The lengths of the radius or the metacarpus were u s e d a s r e f e r e n c e l e n g t h s w h e n c o m p a r i n g photographs with the live horse. The withers height, the girth circumference, the cannon circumference, the radius, and the metacarpus were measured directly on the horse. The horses with the rider were also photographed from the front. The distance between the rider's knees was also measured as an index of the width of the horse's trunk. The distance was measured in a same way on a PC using the scale of the photographed ruler which the person standing beside a r i d e r h a d . T w e n t y -f i v e i n d i c e s ( 1 6 l e n g t h measurements and 9 angle measurements) comprised the conformation indices.
Rider oscillation
Rider oscillation was estimated by a method similar to that described by Matsuura et al. [9] . An accelerometer (W3GT, ATF, Ebetsu, Japan) was fixed at the waist of the rider. The rider moved along a straight course (Fig. 2) . To keep the speed at 1.5 m/sec for walking and 3.0 m/sec for trotting, the rider passed pylons set at even intervals following the time keeper's calls. The acceleration of the rider at a walk and a sitting trot was recorded at intervals of 1/200 sec.
For vertical, lateral, and longitudinal axes, the time series of the acceleration recorded during 10.24 sec was filtered by a high-pass filter (cut-off frequency: 0.5 Hz;
OyoCsvFir Hattifnatt) to remove the low frequency components. The filtered series was mathematically integrated for time and filtered similarly, to give the velocity. The time series of the velocity was integrated and filtered, to give the locus of the oscillation.
The time series of the rider's oscillation was subjected to fast Fourier transformation (FFT; Kyplot 4.0 KyenceLab). The harmonic waves were extracted from the power spectrum density of FFT that displays the magnitude squared of the oscillation against the frequency. The square root of the maximal harmonic power was calculated as maximal harmonic amplitude (MHA). The amplitude root-mean-square value (Arms) was also calculated as the representative amplitude of the whole wave, according to the following formula. 
Evaluation of the horse for therapeutic riding
Because 2 Anglo-Arabian mares out of the 35 horses originally selected were insufficiently trained as riding horses, 33 horses were evaluated for therapeutic riding. A rider, an RDA instructor, answered a questionnaire immediately after riding each horse. The instructor was asked to evaluate in accordance with the RDA official manual objectively as a RDA instructor, not from private standpoint. The instructor has a qualification, RDA Southeast Asia group instructor, that is accepted also in abroad at least in Southeast Asian range. Although some instructors in Japan had domestic qualification, few persons had one equivalent to her. Therefore, the evaluation by only one RDA instructor was adopted and used for following analyses as an important information. Evaluations were on a scale of 1 to 5, with 5 being the highest score for a given item. The scores for these 27 items were regarded as the indices of the horse.
Of the questionnaire items, 13 were about suitability for the purpose of the lesson, 11 were about the rider's handicap, and 3 were about the rider's height. Learning a sense of balance, relaxation of muscular tension, amount of exercise (fatigue), co-ordination of muscular movement, greater agility, improvement of self-confidence, learning to give depth of seat, and learning eventual control of the horse were adopted from the aims of exercises in the RDA official manual [10] . The mounted exercises, changing position, riding at prone position, trotting, and tandem riding with an instructor were adopted from lessons of RDA Yokohama. Developmental disorders were generally divided into 3 groups: cerebral palsy, autism, and mental retardation. Cerebral palsy was subdivided morphologically into monoplegia, hemiplegia, p a r a p l e g i a , d i p l e g i a , a n d q u a d r i p l e g i a , a n d physiologically into athetoid spasticity, hypertonic spasticity, hypotonic spasticity, and ataxia. Autism and mental retardation were adopted without subdivision. The appropriate height of the rider for the horse was divided into 3 levels; under 110 cm, from 110 to 140 cm, and 140 cm or more.
Statistical analysis
Pearson's correlation coefficient analyses were used to assess the relationships between the withers height and the other conformation indices. Non-hierarchical cluster analysis was performed using the standardized value of the withers height and the distance between the rider's knees (mean=0, standard deviation=1) to classify horses into 4 groups for equine conformation. Multivariate analysis of variance (MANOVA) was used to compare equine conformation among the four groups. Two-way analyses of variance (ANOVA) were used to compare rider's oscillation among the four groups. Two-way ANOVA was also used to compare horse evaluation since the score could be considered as interval scale. Generally, if the score were put down with scale on the questionnaire, ordinal scale could be considered as interval scale. When differences were significant, Scheffe's multiple comparison tests were used.
Results

Classification of horses
Correlation coefficients between the withers height and other conformation indices are shown in Table 1 . Significant correlations were observed between all length measurement indices other than the distance between rider's knees and the withers height (P<0.01). For angle measurements, significant correlations were observed between the angles of the hock joint and the hind fetlock joint, and the withers height (P<0.05).
Classification by cluster analysis is shown in Fig. 3 . Horses were classified into 4 groups: short and narrow (SN, 9 horses), short and wide (SW, 8 horses), tall and narrow (TN, 13 horses), and tall and wide (TW, 5 horses).
Equine conformation
Pillai's Trace, Wilk's Lambda, Hotelling-Lawley Trace, and Roy's Greatest Root were significant (P<0.01). Significance was also observed in all indices of equine conformation. Thus, one-way ANOVA was used to compare each conformation index between the four groups. The differences in equine conformation between the four groups are shown in Table 2 . For length measurements, all indices other than the ilium and the femur lengths were significantly different between the four groups (P<0.01 or P<0.05). The indices for length and depth of the equine trunk such as the body length and the chest depth, and the indices for length of the forelegs such as length of the radius, the front phalanx, and the hind phalanx, were larger in TN and TW than in SN and SW (P<0.01). The width of the equine trunk was larger in SW and TW than in SN and TN (P<0.01). For angle measurements, the hock Pearson's correlation coefficients were shown. Fig. 3 . Classification of horses. Nonhierarchical cluster analysis was performed using the standardized value of the withers height and distance between t h e ri d e r's k n e e s ( m e a n =0 , s t a n d a rd deviation=1). Horses were classified into 4 groups: the short and narrow (SN, 9 horses), the short and wide (SW, 8 horses), the tall and narrow (TN, 13 horses), and the tall and wide (TW, 5 horses).
joint angle was larger in SW and TW than in SN (P<0.01).
Rider oscillation
The maximal harmonic waves in vertical and longitudinal axes correspond to the half-stride periodic motion at walk and trot. These facts were previously showed in which used both VTR-and accelerometerbased method [9] , though stride frequency were not measured in this study. In the lateral axis, the maximal harmonic wave at which the frequency was half as high as the frequencies in the vertical and longitudinal axes corresponded to the one-stride periodic motion at walk and trot. Therefore, the frequency in the vertical or longitudinal axis is shown in this study.
The differences in rider oscillation between the four groups are shown in Table 3 . When walking, the frequencies were higher in short horses than in tall horses (P<0.01). The amplitudes, both MHA and Arms, of the vertical axis were larger in narrow horses than in wide horses (P<0.05).
When trotting, the frequency was also higher in short horses than in tall horses (P<0.01). The amplitudes, both MHA and Arms, of the vertical axis were larger in tall horses than in short horses (P<0.01). The amplitudes, both MHA and Arms, of the lateral axis were larger in wide horses than in narrow horses (P<0.01). The Arms of the longitudinal axis was larger in tall horses than in short horses (P<0.05).
Evaluation of horses for therapeutic riding
The differences in evaluation of horses for therapeutic riding between the four groups were shown in Table 4 . For 'greater agility', 'improvement of selfconfidence', 'diplegia', 'quadriplegia', 'riders under 110 cm', and 'those from 110 to 140 cm', short horses had higher score than tall horses (P<0.01 or P<0.05). In contrast, for 'mounted exercise' and 'tandem riding with an instructor', tall horses had higher score than short horses (P<0.05 and P<0.01, respectively). For 'learning the sense of balance', 'relaxation of muscular tension', 'mounted exercise', 'changing position', 'riding at prone position', 'hemiplegia', and 'hypertonic spasticity', wide horses had a higher score than narrow horses (P<0.01 or P<0.05). There was a significant interaction between tall and wide for 'learning to give depth of seat' (P<0.05).
Discussion
Generally, the withers height is the most popular index of equine conformation. This study showed significant correlations between the withers height and all indices other than distance between rider's knees (P<0.01), confirming the withers height as a basic index of equine conformation. The distance between rider's knees reflects not only body width but also width of back: It was large in the horse whose shape at back section was flat, while it was small in the horse whose shape at back was close to triangle. Therefore, the withers height and distance between rider's knees were the most suitable indices to roughly classify horses by their conformation. Furthermore, these two indices were easy to measure. Therefore, in this study, equine conformation was classified by the withers height and the trunk width.
The sidewalkers were often used to help the rider in the lesson of the riding for the disabled person. The leader has to lead the horse in consideration of the easiness to help for the sidewalkers. Therefore, the moving speed was not always decided by the priority to easiness of walk for a horse. As well as the literature (Matsuura et al., 2003) , the moving speed suitable for the lesson of the riding for the disabled person was set at 1.5 m/sec for walking and 3.0 m/sec for trotting in this study, although the equine oscillation were changed according to the moving speed. Little work has been published on the effect of equine conformation on rider oscillation. The frequencies of rider oscillation both at walk and trot were higher on short horses than on tall horses in this study (P<0.01). These results were similar to that of Matsuura et al., who studied Thoroughbred horses (withers height: 159 ± 6.1 cm) and Hokkaido native horses (withers height: 129 ± 2.3 cm) [8] . The MHA and Arms of vertical axis at walk were smaller on wide horses than on narrow horses in our study (P<0.05), and the MHA and Arms of vertical axis at trot were smaller on short horses than on tall horses (P<0.01). Barrey et al. showed that Andalusia horses whose withers height, back length, and forelimbs were smaller than German horses (Hanoverian, Oldenburger, and Westphalian) had smaller vertical amplitude than the German horses [2] . Although Barrey et al. investigated the amplitude of the horses but not the riders [2] , similar results to them were obtained also in our study. For the severely disabled rider, such as 'quadriplegia' and 'diplegia', short horses also had a higher score than tall horses (P<0.01). Using tall horses for such a severely disabled rider involves a high degree of risk, as the MHA and Arms of vertical axis at trot was large. Kendall's correlation coefficient between the score for 'quadriplegia' and the MHA, and between the score and Arms of vertical axis at trot was -0.54 (P<0.01), and -0.71 (P<0.01) respectively. Similarly, Kendall's correlation coefficient between the score for 'diplegia' and the MHA, and between the score and Arms of vertical axis at trot was -0.45 (P<0.01), and -0.55 (P<0.01) respectively. Therefore, short horses seemed to be suitable for severely disabled riders because they impart small MHA and Arms of vertical axis to the rider at trot. Short horses also had higher score than tall horses for 'the rider under 110 cm tall' and 'from 110 to 140 cm'. Side walkers are important in the lesson for the 'Quadriplegia', 'diplegia', and or 'under 140 cm tall' riders. Therefore, short horses were shown to be suitable for the rider who requires side walkers. Short horses had higher score than tall horses for 'greater agility' and 'Improvement of self-confidence'. To explain this reason, the influence of equine conformation and the rider oscillation on the rider's psychological development will have to be studied further.
Tall horses, however, had a higher score than short horses for 'tandem riding with an instructor' (P<0.01). Kendall's correlation coefficient between the score for 'tandem riding' and the body length was 0.52 (P<0.01). Tall horses obtained a high evaluation for 'tandem riding with an instructor' because they had a long body length.
Wide horses impart smaller MHA and Arms of vertical axis at walk (P<0.05) and larger MHA and Arms of lateral axis at trot (P<0.01) than narrow horses. Wide horses also had a higher score than narrow horses for many items. They obtained a higher evaluation for 
